1H NMR study of the influence of hydrophobic contacts on protein-prosthetic group recognition in bovine and rat ferricytochrome b5.
The proton nuclear magnetic resonance spectra of the soluble fragment of native bovine and genetically engineered wild-type rat ferricytochrome b5 reconstituted with a wide variety of hemes chemically modified at 2- and/or 4-positions have been recorded and analyzed. While all but one nonsymmetric heme yielded comparable amounts of the two heme orientations immediately after reconstitution, the relative proportion of the two orientations at equilibrium varied widely. The unpaired spin density distribution in the heme pi system leads to substituent hyperfine shift patterns in these paramagnetic complexes that are completely diagnostic of the heme orientation in the protein matrix. An empirical assignment strategy is outlined and applied which allows unequivocal assignment of the absolute orientation of a derivatized heme within the protein matrix. Using a series of hemes lacking 2-fold symmetry solely due to a single substitution, the preferences for localized site occupation of vinyls, methyls, and hydrogens are developed. The large differences in relative stability of the two orientations of native protohemin in the two cytochromes b5 is shown to result from the additivity of localized effects for the bovine protein and the near cancellation of competing effects in the rat protein. The major determinant of the heme orientation is judged to be a repulsive interaction between a vinyl and a hydrophobic cluster of amino acids including positions 23 and 25. The differences in this heme orientational preference among bovine, rat, and chicken ferricytochromes b5 could be correlated with the relative steric bulk of the residues at positions 23 and 25.(ABSTRACT TRUNCATED AT 250 WORDS)